Synthesis of (Z)-methyl 2-(benzyloxycarbonylamino)-3-(1-methyl-1H-imidazol-5-yl)acrylate (6a) and (Z)- methyl 2-(tert-butoxycarbonylamino)-3-(1-methyl-1H-imidazol-5-yl)acrylate (6b) 
Synthesis of (S)-methyl 2-amino-3-(1-methyl-1H-imidazol-5-yl)propanoate (13)
To a solution of 8a (57.8 mg, 0.18 mmol) in MeOH (2 mL) was added Pd(OH) 2 (12 mg). The mixture was stirred for 3 h at rt under hydrogen atmosphere. The reaction mixture was filtered through a pad of Celite, and concentrated under reduced pressure. The resulting residue was purified by silica gel chromatography (20:1 CH 2 Cl 2 / MeOH; 20:1:1 CH 2 Cl 2 / MeOH / i-PrNH 2 ) to afford 13 (25 mg, 74%) as a pale yellow oil.
[α] D 25 +19. 
Synthesis of (S)-methyl 2-(3-(t-butoxycarbonylamino)propanamido)-

3-(1-methyl-1H-imidazol-5-yl)propanoate (14)
To a mixture of 13 (15.2 mg, 83.0 μmol), Boc-β-alanine (9) (26.7 mg, 141 μmol, 1.7 eq), and Et 3 N (6.0 μL, 43.3 mmol, 0.5 eq) in CH 2 Cl 2 (1 mL) was added EDCI (29.4 mg, 153 μmol, 1.8 eq) at rt under argon atmosphere, and the resulting mixture was stirred for 25 h at rt. The reaction was quenched with sat. aqueous NaHCO 3 and the organic layer was separated. 6, 28.4, 31.3, 36.1, 36.4, 51.5, 52.7, 79.4, 126.3, 128.2, 138.4, 156.0, 171. 
Synthesis of 1-methyl-1H-imidazole-4-carbaldehyde (15)
To a suspension of 10 (4.94 g, 51.4 mmol) in dry THF (30 mL) was added NaH (2.48 g, assey 60%, 61.9 mmol, 1.2 eq) at -78 °C under argon atmosphere, and stirred for 10 min at rt. The reaction mixture was cooled to -78 °C and added MeI (3.9 ml, 62.6 mmol, 1.2 eq) dropwise at -78 °C. The mixture was gradually warmed to rt and stirred for 18 h. The mixture was quenched with MeOH, then concentrated in vacuo. The residue was dissolved with CH 2 Cl 2 and the solution was filtered through a pad of Celite to afford the crude product, which was purified by silica gel chromatography (20:1 CHCl 3 / MeOH) to afford 15 (5.58 g, 99%) as a yellow oil.
Synthesis of (Z)-methyl 2-(benzyloxycarbonylamino)-
3-(1-methyl-1H-imidazol-4-yl)acrylate (11a)
To a solution of 15 (1.01 g, 9.18 mmol) in dry THF (10 mL) were added 5a (3.35 g. 10.1 mmol, 1.1 eq) and TMG (1.7 mL, 13.8 mmol, 1.5 eq) at 0 °C, and the mixture was stirred for 24 h at rt. 
Synthesis of (S)-methyl 2-(benzyloxycarbonylamino)-
3-(1-methyl-1H-imidazol-4-yl)propanoate (12a)
To a solution of 11a (40.0 mg, 0.127 mmol) in TFE (5 mL) was added (+)-Et-DuPHOS-Rh (9.7 mg, 10.6 mol%) and the mixture was pressurized to an initial pressure of 150 psi with hydrogen gas. After heating to 50 °C, the mixture was stirred for 17 h at the same pressure and temperature. The solvent was evaporated in vacuo to afford the crude product (75.0 mg), which was used in the next step without further purification. 
Synthesis of (S)-methyl 2-amino-3-(1-methyl-1H-imidazol-4-yl)propanoate (16)
To a solution of 12a in MeOH (5 mL) was added Pd(OH) 2 (7.5 mg). The mixture was stirred for 6 h at rt under hydrogen atmosphere. The reaction mixture was filtered through a pad of Celite, and concentrated under reduced pressure to afford the crude product (40.6 mg), which was used in the next step without further purification.
[ 
Synthesis of (+)-balenine ((+)-2)
To a solution of ester 17 (60.5 mg, 171 μmol) in MeOH (1 mL) was basified with 1 M aqueous NaOH (>pH 11) and the mixture was stirred for 3 h at rt. Evaporation gave a residual gum that was dissolved in distilled H 2 O (1 mL) and the reaction mixture was acidified with 1 M aqueous HCl (<pH 3). 
Synthesis of 1-trityl-1H-imidazole-4-carbaldehyde (18)
To a mixture of 10 (1.03 g, 10.7 mmol) and TrCl (3.29 g, 11.8 mmol, 1.1 eq) in MeCN (45 mL) was added Et 3 N (2.5 mL, 18.0 mmol, 1.7 eq) at rt. After stirring for 2 h, hexane (3 mL) and H 2 O (40 mL) were added and the mixture was filtered. The resultant cake was washed with water three times and dried in a house vacuum oven at 50 °C to afford 18 (3.42 g, 95%) as a white powder.
Synthesis of (Z)-methyl 2-(t-butoxycarbonylamino)-
3-(1-trityl-1H-imidazol-4-yl)acrylate (19)
To a stirred solution of 5b (1.34 g, 4.51 mmol, 1.5 eq) in dry THF (6 mL) were added 18 (1.01 g, 2.98 mmol) and TMG (0.46 mL, 3.67 mmol, 1.2 eq) at 0 °C, and the mixture was stirred for 21 h at rt. The reaction mixture was quenched with water and acidified with 1M aqueous HCl, extracted with CH 2 Cl 2 . The aqueous layer was neutralized with sat. aqueous NaHCO 3 and extracted with CH 2 Cl 2 . The combined organic layers were washed with brine, dried over anhydrous MgSO 4 , concentrated in vacuo to afford the crude product (1.99 g), which was used in the next step without further purification. 3, 52.2, 75.7, 80.5, 111.1, 122.8, 127.9, 128.3, 128.4, 129.8, 137.0, 139.0, 142.0, 153.4, 166.2 HRMS (ESI) Calculated for C 31 H 32 N 3 O 4 510.2387) Found 510.2409
Synthesis of (Z)-methyl 2-(t-butoxycarbonylamino)-3-(1H-imidazol-4-yl)acrylate (11b)
A solution of 19 in formic acid (10 mL) was stirred for 1 h at rt. The solution was concentrated in vacuo to afford the crude product. The residue was purified by silica gel column chromatography (10:1 CH 2 Cl 2 / acetone) to afford 11b (730 mg, 91% in 2 steps) as a colorless oil. 
Synthesis of (S)-methyl 2-(t-butoxycarbonylamino)-
3-(1H-imidazol-4-yl)propanoate (12b)
To a solution of 11b (68.2 mg, 255 μmol) in TFE (8 mL) was added (+)-Et-DuPHOS-Rh (18.9 mg, 10.3 mol%) and the mixture was pressurized to an initial pressure of 100 psi with hydrogen gas 2 . After heating to 50 °C, the mixture was stirred for 17 h at the same pressure and temperature. The solvent was evaporated in vacuo to afford the crude product (81.5 mg), which was used in the next step without further purification. 3, 29.4, 52.4, 53.7, 80.0, 116.5, 133.1, 135.1, 155.7, 172 
Synthesis of (S)-methyl 2-amino-3-(1H-imidazol-4-yl)propanoate dihydrochloride (20)
To a solution of 12b in MeOH (2 mL) was added SOCl 2 (0.18 mL, 2.50 mmol, 9.8 eq) at 0 °C, and the mixture was stirred for 2 h at rt. The solvent was evaporated in vacuo to afford the crude product (68.5 mg), which was used in the next step without further purification. 
Synthesis of (S)-methyl 2-(3-(t-butoxycarbonylamino)propanamido)-
3-(1H-imidazol-4-yl)propanoate (21)
To a mixture of 20, Boc-β-alanine (9) (97.9 mg, 517 μmol, 2.0 eq) and Et 3 N (70 μL, 505 μmol, 2.0 eq) in 5, 29.1, 36.4, 37.0, 52.5, 52.8, 79.4, 116.2, 134.0, 135.4, 156.3, 171.9, 172 
Synthesis of (+)-carnosine ((+)-3)
To a solution of ester 21 (16.6 mg, 48.8 μmol) in MeOH (1 mL) was basified with 1 M aqueous NaOH (>pH 11) and the mixture was stirred for 1 h at rt. Evaporation gave a residual gum that was dissolved in distilled H 2 O (2 mL) and the reaction mixture was acidified with 1 M aqueous HCl (<pH 3). The acidified mixture was stirred for a further 6 h then neutralized with 1 M aqueous NaOH and concentrated under reduced pressure. The organic residue was dissolved in warm EtOH and, after cooling to rt, the solution was 4, 32.0, 35.7, 54.3, 116.8, 130.2, 133.6, 171.7, 176.8 
